We sequenced the virD-virE, virE-virF, and virF-T-DNA intergenic regions of an octopine Ti plasmid. Four newly described genes were induced by the vir gene inducer acetosyringone, two of which are conserved in the nopaline-type Ti plasmid pTiC58. One gene resembles a family of phosphatase genes. Each of these genes is dispensible for tumorigenesis.
Infection and colonization of plant or animal hosts often require a multifaceted attack against the host. For example, many pathogenic bacteria, including Bordetella pertussis, Yersinia spp., and Pseudomonas syringae, release multiple toxins and other virulence factors, any one of which may be dispensable for pathogenesis (5, 7, 8) . It seems plausible that the plant pathogen Agrobacterium tumefaciens might similarly use more than one approach to invade and colonize host plants. This bacterium is well-known to transfer fragments of plasmid-encoded DNA (T-DNA) by a conjugation-like mechanism to the nuclei of host plants, where they are integrated into the host genome (23) . This T-DNA directs the production of phytohormones (leading to formation of crown gall tumors) and of compounds called opines, which serve the colonizing bacteria as sources of nutrients. While it is not clear whether A. tumefaciens uses additional strategies to attack host plants, another species of Agrobacterium (A. vitus) releases a root macerating pectinase, as well as transferring T-DNA (22) . This pectinase is not required for detectable tumorigenesis, while T-DNA transfer is not required for root maceration, indicating that this organism uses at least two independent strategies for pathogenesis.
One way to search for undescribed strategies for host infection and colonization is to identify genes that are induced during infection and not required for T-DNA transfer. Approximately 25 genes, called vir genes, are required for T-DNA transfer (23, 25) . All vir genes are coordinately induced during infection by plant-released chemical signals, including phenolic compounds such as acetosyringone (11) . This induction requires the sensory histidine protein kinase VirA, the response regulator VirG, and the periplasmic sugar-binding protein ChvE. Importantly, several of the genes in this regulon, including virH, virK, virL, and virM, are not required for efficient tumorigenesis (15) . While it is possible that some or all of these genes play ancillary, dispensable roles in T-DNA transfer, at least some of these genes may direct other processes. We have recently demonstrated that the VirH2 protein catalyzes the O demethylation of several phenolic compounds, converting them to forms that are inactive as vir gene inducers (16) . The functions of virK, virL, and virM are not understood, although virK strongly resembles a gene found on a symbiotic megaplasmid of Rhizobium sp. strain NGR234 and is thus unlikely to have any direct role in T-DNA transfer.
As part of an ongoing effort to identify new genes that are part of the vir regulon and to study their roles in pathogenesis, we have sequenced approximately 15 kb of DNA within and beyond the right end of the known vir region (Fig. 1) . In doing so, we have closed all the gaps in DNA sequence between known vir loci in this region and closed the gap between the right end of the vir region and the left end of the T-DNA.
We identified a total of 14 new open reading frames (ORFs) that might encode proteins (Fig. 1 ). Of these, ORFs 17 to 21 strongly resemble one or more genes found in various insertion sequences elements (Table 1) . These ORFs were not characterized further. We used two methods to test for expression of the remaining nine ORFs. Many of them were first tested by nuclease S1 protection assays, using 5Ј-radiolabeled oligonucleotides that are complementary to each ORF (Table 2) . RNA was purified from strain VIK10 cultured at pH 5.3 in the presence or absence of 100 M acetosyringone and from the virG mutant strain VIK11 cultured in the presence of acetosyringone. VIK10 contains a virG-lacZ fusion on the Ti plasmid as a result of a Campbell integration and retains a functional copy of virG, while VIK11 is isogenic except for a virG mutation (14, 15) . Each oligonucleotide contained four noncomplementary nucleotides at its 3Ј end that were predicted to be removed by S1 digestion. Removal of these nucleotides (causing slightly faster gel migration) ensured that the resistance of the remaining part of the oligonucleotide against S1 digestion was due to hybridization with mRNA. Oligonucleotides complementary to virB1 and to rpoD were used as inducible and constitutive controls, respectively.
ORFs that were acetosyringone inducible by nuclease S1 protection assays (as well as two additional ORFs) were fused to lacZ by using a suicide plasmid that creates lacZ fusions and gene disruptions in a single Campbell-type insertion (14) . Internal fragments of virD5, virE3, ORF12, ORF16, virP, and virR were created by PCR amplification, using the oligonucleotides indicated in Table 2 , and cloned into suicide vector pVIK107 or pVIK111 (14) , creating in-frame translational fusions with lacZ. The fact that these plasmids create translational fusions demonstrates that any induced gene must encode a protein. The resulting plasmids were transferred by conjugation from S17-1/pir into A. tumefaciens strain R10 and selected using kanamycin. To confirm that integration of these suicide plasmids occurred by Campbell-type homologous recombination, we digested genomic DNA of these A. tumefa-ciens strains with EcoRI, circularized the resulting fragments by using T4 DNA ligase, introduced them into E. coli strain S17-1/pir by electroporation, and analyzed the rescued plasmids by restriction endonuclease digestion. In each case, the restriction map of the recovered plasmid indicated that a single homologous recombination event had occurred at the predicted site (data not shown).
We identified an ORF directly downstream of virD4 that is conserved in the nopaline-type Ti plasmid pTiC58 and in the Ri plasmid pRi4Ab of A. rhizogenes (Table 1) . S1 protection experiments showed that this ORF was strongly induced by acetosyringone in a strain that expresses VirG but not in a virG mutant (Fig. 2 , upper right panel). When this ORF was fused to lacZ, the resulting strain was strongly induced by acetosyringone (Table 3 ). An earlier study suggested that this region of the Ti plasmid did not contain any inducible genes (24). This conclusion was based on two insertions of Tn3HoHo1 that were not induced during cocultivation with Nicotiana cultured mesophyll cells. Similarly, the orthologous gene of pTiC58 was described as being expressed constitutively and not regulated by VirA and VirG (17) . The reasons for these apparent discrepancies are not clear. Since this ORF was found to be a member of the vir regulon by two different criteria, we designate it a vir gene. We designate it virD5 to suggest that it is transcribed as part of the virD operon, although this point remains to be proven, especially since the stop codon of virD4 and the start codon of virD5 are separated by 91 nucleotides.
The virD5-lacZ fusion was constructed so as to disrupt this gene. The fusion strain was therefore tested for tumor-forming ability on Kalanchoë leaves, and seemed to form tumors at efficiencies similar to the wild type (data not shown), in agreement with earlier studies (24) . However, such assays are qualitative in nature, and a moderate change in tumorigenesis efficiency might therefore not have been detected. The predicted VirD5 protein has 751 amino acid residues, a molecular mass of 83.5 kDa, and is largely hydrophilic. Interestingly, the amino-terminal half of VirD5 is composed of a six repeated sequences, each approximately 50 amino acids in length. Figure 3 shows a dot matrix alignment of VirD5 with itself and an alignment of these repeats.
A second ORF was found directly downstream from virE2. This ORF is 673 codons in length and would encode a hydrophilic protein having a molecular mass of approximately 76 kDa. Nuclease S1 protection assays indicate that this gene is strongly induced by acetosyringone in a VirG-dependent manner (Fig. 2, second row, left panel) , and a fusion between this gene and lacZ was strongly induced by acetosyringone (Table  3) . We therefore designate this gene virE3 to indicate that it is a member of the vir regulon and to suggest that it is part of the
virE3 strongly resembles a partially sequenced ORF downstream of the virE2 gene of the nopaline-type Ti plasmid pTiC58 (12) . To compare these genes more completely and to look for additional conserved genes, we extended the sequence of the virE operon of pTiC58. The two VirE3 proteins have similar molecular masses and hydrophilicity profiles. Their protein sequences are quite similar from amino acids 1 to 350 (74% identical, 85% similar) but are less similar in their carboxy-terminal halves (37% identical, 51% similar). We sequenced an additional 2.3 kb of DNA to the right of virE3, up to a region that was sequenced by Farrand and colleagues, but did not identify additional genes that are conserved between octopine-type and nopaline-type Ti plasmids. The virE3-lacZ fusion plasmid disrupted the virE3 gene but did not cause any qualitative tumorigenesis deficiencies on Kalanchoë leaves. This conclusion is supported by earlier studies showing that insertions in virE2 can be fully complemented by a cloned DNA fragment that lacks virE3, indicating that the insertions were not polar on any genes that are essential for virulence (24) .
Seven additional new ORFs between virE3 and ORF17 were a Sequence identities and similarities were determined using the BLAST program (4). described, each showing some degree of sequence similarity to one or more proteins deposited in the GenBank or SwissProt protein sequence databases (Table 1) . Of particular note, ORF15 strongly resembles a portion of the traA gene of the Ti plasmid (3). However, ORF15 appears to be a pseudogene, since its 5Ј end is severely truncated and the remainder of the ORF contains one frameshift difference from traA. ORF16 strongly resembles the Ti plasmid traF gene (3) and does not contain any obvious deleterious mutations. The similarity between ORF16 and traF was previously described (9) . virP strongly resembles a family of known or putative phosphatases. The significance of the similarity is unknown but suggests a role in hydrolysis of phosphoryl groups from an unknown substrate. virR resembles a family of uncharacterized genes in various organisms, including several archael species and the higher plant Arabidopsis thaliana. An example is shown in Table 1 .
We used nuclease S1 protection assays to test for acetosyringone-inducible expression of each of the seven ORFs between virE3 and ORF17. Of these, virP and virR were strongly induced, while most other ORFs were not detectably induced, although ORF12 may have been very weakly induced (Fig. 2) . To further test for induction, lacZ fusions to ORF12, ORF16, virP, and virR were constructed. Of these, the virP-lacZ and virR-lacZ fusions were strongly induced by acetosyringone, while the ORF12-lacZ fusion was only weakly induced, and the ORF16-lacZ fusion was not detectably expressed ( Table 3) . The possible induction of ORF12 was very weak and therefore difficult to interpret, and we therefore do not designate ORF12 as a member of the vir regulon. The resulting disruptions of ORF12, ORF16, virP, and virR were tested for tumorigenesis on Kalanchoë, and no deficiencies were detected.
VirG-inducible promoters generally contain one or more VirG binding motifs (TNCAATTGAAAPy) directly upstream of their Ϫ35 sequences (11) . Sequence inspection suggests that the 5Ј ends of virP and virR contain possible virG binding motifs. The sequences TGTAATTGAATT and TACTGTTG AAAC are found centered at 306 nucleotides and 229 nucleotides upstream of the putative virP translation start site, respectively, while the sequence GACAATTGAAAT is found centered 68 nucleotides upstream of the putative virR translation start site. No VirG binding motif was found upstream of virD5 or virE3, providing further suggestive evidence that these two genes are expressed as part of their respective operons.
It is interesting that of the four new members of the vir regulon, none was essential for tumorigenesis. It is certainly possible that one or more of these genes plays ancillary, dispensable roles in T-DNA transfer, and our tumorigenesis assays might well not detect moderate quantitative defects. However, our sequence of the corresponding region of pTiC58, combined with additional sequences from the Farrand lab (GenBank accession no. AF065243), indicates that virP and virR are not conserved in pTiC58. This suggests that they are unlikely to play an important role in DNA processing or transfer. It is also possible that these genes could be redundant with chromosomal genes, as is the case with virJ (13), although Southern hybridization did not detect homologous genes (data not shown). For nuclease S1 protection assays virB1 is difficult to imagine what role such an enzyme might have in these events. We hypothesize that one or both of these genes may direct a process unrelated to T-DNA transfer. It is tempting to speculate that a phosphatase might be useful in the dephosphorylation of isopentenyl-AMP, which is synthesized by the product of the ipt gene (located in the T-DNA). Although ipt is normally thought of as being expressed only after transfer to plant cells, it was recently shown to be expressed in A. tumefaciens as well (6) . Isopentenyl-AMP might be expected to be membrane impermeable due to its negative charge, while a phosphatase might increase membrane permeability, thereby releasing isopentenyl-adenosine from the bacteria. Several other strains of A. tumefaciens are known to release cytokinins in response to vir gene-inducing stimuli (1, 2, 20, 21) .
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